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ABSTRACT  
The neodymium trifluoroacetate complex was synthesized and characterized by single-crystal X-ray diffraction, 
elemental and TG analysis, FT-IR spectra, and PL spectra. The optical properties of the liquid medium were studied. 
From the absorption and luminescence spectra, the Judd-Ofelt parameters of the Nd(CF3COO)3 dissovled in phosphorus 
oxychloride were obtained. Based on the crystal structure, the effects of crystal field and bond valance properties on 
three intensity parameters Ωt(t=2,4,6) and emission cross-section were analyzed in detail. The emission cross-section of 
4F3/2→4I11/2 fluorescence transition (3.63×10-20cm2) of the new neodymium compound was higher than those of other 
Nd(III) complexes and even comparable with some laser glasses.   
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1. INTRODUCTION  
The fluorescent properties of neodymium ions with organic ligands have great potential application in chemo- and bio-
sensors[1], liquid laser medium[2], optical communication devices[3].  
Recently, with the rapid development of laser technology, especially the pumped laser and adaptive optics, solid state 
lasers containing Nd(Ⅲ) have been largely investigated due to its important near infrared luminescence around 1060 nm. 
But the neodymium ions doped solid state high energy lasers were hampered by the heat management bottleneck. The 
inevitable heat accumulation bring many problems, such as thermal lens, thermal birefringence, and thermal stress, 
which limit the output power and beam quality of solid laser [4]. 
The liquid laser materials and lasers were considered the first-rank method for those problems and were investigated 
with ardour by the researchers recent years[5,6]. The liquid laser material can avoid the heat accumulation by cycle 
flowing. At the same time, the complexes can be easily sythesized and dissovled in solvent in a uniform ions 
concentration.  
At the same time, the radiative properties of  neodymium materials depends considerably on the surrounding host matrix 
and ligands. But the most of works were focused on it remarkable laser action. The studies of crystal structure were 
seldom reported. Here, a novel neodymium complex Nd(CF3COO)3 dissovled in phosphorus oxychloride was reported. 
The molecular structure of the complex, Nd(CF3COO)3·(H2O)3 was characterized by single-crystal X-ray diffraction. 
According to Judd-Ofelt theory, based on absorption and luminescence spectra, three intensity parameters Ωt(t=2,4,6) 
and emission cross-section were analyzed in detail.  
2. EXPERIMENTAL 
2.1 Materials and measurement  
All analytical reagents were obtained from commercial sources and used directly without further purification. 
Nd(CF3COO)3·(H2O)3 was obtained by dissolving Nd2O3 in a mixture of trifluoroacetic acid and water and subsequently 
volatilized the water after refluxing the solution for 4 h. Absorption spectra were measured with Jasco V-570 UV-Vis-
NIR scanning spectrophotometer.  Photoluminescence (PL) emission spectra were performed using a femtosecond Ti: 
sapphire laser (UF-T2S) operating, a Zolix Omini-λ 300 fluorescence spectrophotometer and DInGaAs1700 detector.  
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2.2 Single crystal X-ray diffraction analysis 
The determination of the unit cell and data collection for Nd(CF3COO)3·(H2O)3 crystal was performed on a Bruker 
Smart-1000 CCD diffractometer with graphite monochromated Mo Kα radiation (λ = 0.71073 Å) using ω-2θ scan 
technique. The structure was solved by direct method using SHELXS-97 [7] and refined against F2 by full-matrix least-
square using SHELXL-97 [8]. All non-hydrogen atoms were refined anisotropic ally. All hydrogen atoms were treated 
using a riding model. No decomposition was showed in the crystal. A summary of the crystal data, experimental details 
and refinement results was listed in Table 1. 
Table 1 
Crystal data and structure refinement of Nd(CF3COO)3 crystal 
Empirical formula C12H12F18Nd2O18 
Formula weight 1074.70 
Temperature (K) 296(2) 
Wavelength (Å ) 0.71073 
Crystal system Monoclinic 
Space group P2(1)/c 
Unit cell dimensions 
a = 9.2907(19)Å；α = 90° 
b = 18.928(4)Å；β = 114.07(3)° 
c = 9.851(2)Å；γ = 90° 
Volume (Å3) 1581.7(7) 
Z 2 
Density (calculated) (mg/m3) 2.257 
F(0 0 0) 1020.0 
Crystal size 0.14 × 0.13 × 0.11mm 
θ range for data collection 3.33-26.00° 
Limitting indices 
-11≤ h ≤11, 
-23≤ k ≤23, 
-12≤ l ≤12 
Reflections collected/unique 15915/3103 [R(int)= 0.0443] 
Completeness to θ= 26.00° 99.7% 
Refinement method Full-matrix least-squares on F2 
Data/restraints/parameters 3103/0/227 
Goodness-of-fit on F2 1.106 
Final R indices [I>2σ(I)] R1 = 0.0384, ωR2 = 0.0869 
R indices (all data) R1 = 0.0448, ωR2= 0.0905 
Largest diff. Peak and hole (e Å-3) 1.220 and -0.816 
3. RESULTS AND DISCUSSION 
3.1 Crystal structure  
The structure of Nd(CF3COO)3·(H2O)3 crystal is crystallized in the monoclinic space grope P2(1)/c with two Nd(Ⅲ) 
ions, six trifluoroacetate anions and six coordinated water molecules in the centrosymmetric unit. As shown in Fig. 1, the 
unit cell consists of two crystallographic ally independent molecules. Nd(CF3COO)3·(H2O)3 has a centrosymmetric 
binuclear structure in which two Nd(Ⅲ) ions are bridged by eight oxygen atoms of the four trifluoroacetic acid anion 
group. Each Nd(Ⅲ) ion is eight-coordinate by eight O atoms, derived from five different trifluoroacetate anions and 
three coordinated water molecules, to give a distorted square anti prism configuration. The binuclear groups together 
forming a one-dimensional chain along b-axis is connected by the hydrogen bond with distance of O2…O6 = 2.666(9) 
Å, as shown in Fig. 2. 
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Figure 1 . The molecular structure of Nd(CF3COO)3·(H2O)3. 
 
Figure 2 Packing diagram of  Nd(CF3COO)3·(H2O)3 crystal, showing hydrogen bonding scheme 
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3.2 Optical spectroscopy and Judd-Ofelt analysis  
 
Figure 2 . VIS-NIR absorption spectra of Nd(CF3COO)3in POCl3 (Nd3+ is 0.2 M). 
Judd-Ofelt theory is one of the most successful theories for evaluating the potential radiative properties of rare-earth-
doped materials[9]. The Judd-Ofelt analysis of the Nd(III) complex was calculated by use of the absorption bands in the 
VIS-NIR range (486-553, 553-613, 710-771, 771-832, and 846-914 nm). The assignment of the bands was given in 
Fig.2. Three main peaks and the wavelength centered at 886 nm (4F3/2→4I9/2), 1054 nm (4F3/2→4I11/2) and 1325 nm 
(4F3/2→4I13/2) were observed (Fig.3), which indicates that the complex Nd(CF3COO)3 in POCl3 has good 
photoluminescence emission. 
 
Figure 3 . Fluorescence spectra of Nd(CF3COO)3 in POCl3 
According to Judd-Ofelt theory, the oscillator strength of an electric-dipole transition between an initial J manifold and 
|(S,L)J〉 and a terminal J’ manifold |(S’,L’)J’〉 can be determined by [10]:  
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where h is the Plank constant and ν is the frequency in inverse centimeter, χ = (n2 + 2)2/9n is the local field correction 
factor. J is the total angular momentum quantum number of the initial level (for Nd(III) ion J = 9/2). |U(t)| are the doubly 
reduced matrix elements corresponding to the J→J’ transition. To estimate the strength of crystal field in the liquid 
system, we calculated the Judd-Ofelt parameter Ω2=0.63×10-20cm2, Ω4=6.20×10-20cm2 and Ω6=3.89×10-20cm2.  
The stimulated emission cross-section, σem, can be evaluated from the emission spectra by[11]:  
λπ
λσ Δ= cn
abAed
em 2
4
8
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where the λ is the peak wavelength of fluorescence as 1057 nm, and Δλ is the line width of fluorescence peak, 
determined as the full-width at half-maximum as 23 nm.  
Table 1 . Comparison of the stimulated emission cross-section of Nd(CF3COO)3 in POCl3 with other materials reported. 
Materials σ(×10-20cm) References 
LaF3:Nd(III) 1.35 [12] 
Nd(C2F5COO)3·Phen in DMF 1.92 [13] 
Glasses doped with Nd2O3 2.60 [14] 
Nd(III) phosphate glasses 3.20 [15] 
Nd(CF3COO)3 in POCl3 3.63 This work 
 
The stimulated emission cross-section (σ) is a very important parameter for laser gain material. Cross-section is essential 
in evaluating laser parameters such as maximum gain, saturation power and optimum output mirror reflectivity. In case 
of end-pumped solid-state 4-level laser systems, the threshold pump power is inversely proportional to the effective 
stimulated emission cross-section of the lasing material. In the design and development of low threshold and high gain 
laser materials for high power applications, the stimulated emission cross section, σ, of the 4F3/2→4I11/2 fluorescence 
transition of the Nd(III) ions is one of the most important parameters and should be as high as possible. For the 
4F3/2→4I11/2 fluorescence transition, the J' =3/2 and J =11/2, the σ depends only on Ω4 and Ω6 by triangle rule. And the Ω6 
is not sensitive to the crystal field, only sensitive to the electron density of the 4f and 5d electronic orbit. It will enhance 
by increasing the electrovalency between Nd(III) ion and oxide atoms. In this case, the σ of the 4F3/2→4I11/2 fluorescence 
transition of the Nd(III) ions was 3.63×10-20cm2, which was higher than some previous works which were listed in Table 
1. This complex will be a promising material for liquid laser application. 
4. CONCLUSIONS 
In this work, a new kind of liquid laser gain medium was obtained by a economical methord and the crystal structure of 
Nd(CF3COO)3·(H2O)3 was successfully demonstrated. Based on absorption and luminescence spectra of Nd(CF3COO)3 
dissovled in phosphorus oxychloride, as well as Judd-Ofelt theory, the three intensity parameters Ωt(t=2,4,6) and 
emission cross-section were calculated and analyzed in detail. The emission cross-section of 4F3/2→4I11/2 fluorescence 
transition was 3.63×10-20 cm2 and comparable with some inorganic materials, which indicated good radiative properties 
of this neodymium trifluoroacetate binuclear complex in liquid matrix. 
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